Assessing the toxicity and the dissolution rate of zinc oxide nanoparticles using a dual-color Escherichia coli whole-cell bioreporter.
Particle toxicity and metal ions from the dissolution of metallic nanoparticles (NPs) can have environmentally toxic effects. Among the diverse metallic NPs, four types of zinc oxide NPs (ZnO-NPs)-two spherical (diameters <50 nm and <100 nm) and two wire (50 nm × 300 nm and 90 nm × 1000 nm) shaped-were examined using dual-color whole-cell bioreporters (WCBs) to elucidate the relationships among size, shape, and toxicity. The amount of Zn(II) ions dissolved from NPs was determined by measuring mCherry expression because the presence of Zn(II) ions induced the expression of mCherry from pZnt-mCherry in dual-color WCBs. The overall toxic effects were assessed by measuring Escherichia coli cell growth. The toxic effect on cell growth was determined by measuring the expression of eGFP from the dual-color WCBs to avoid interferences in the signal acquisition caused by inseparable NPs. The novel approach demonstrated here used dual-color WCBs to simultaneously assess the toxicity of ZnONPs on E. coli and the dissolution rates of ZnO-NPs. Toxicity varied depending upon the size and shape of the ZnONPs. The dissolution rate did not vary significantly according to size and shape; smaller sizes and wire shapes showed higher toxicity. Therefore, the physical properties of ZnONPs play a role in the overall toxic effect as well as dissolved Zn(II) ions.